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Ellipsoid and spheroid melanosomes similar to those found in 
the hair matrix melanocytes of eumelanic C57BL mice and 
pheomelanic Ay mice, respectively, have been shown to 
coexist in the same human melanocyte. The difference in the 
three-dimensional ultrastructure of these melanosomes of 
the human hair matrix melanocyte has been determined by 
high-voltage transmission electron microscopy using a goni­
ometer. By energy-dispersive X-ray spectroscopy, sulfur, one 
of the main characteristic chemical properties of pheo-
T here has been continuing uncertainty in the case of human melanocytes as to whether eumelanin is syn­thesized in ellipsoid premelanosomes, whereas pheo­melanin is synthesized in spheroid premelanosomes. Further, the coexistence of the two types of melano­
somes in human melanocytes, which show no period switching 
between eu- and pheomelanogenesis such as that seen in agouti 
mice, is also not yet clarified. 
On the other hand, in the case of mouse melanocytes, it is re­
ported that pheomelanin is synthesized within spheroid pheome­
lanosomes in Ay mice, whereas eumelanin is synthesized in ellipsoid 
eumelanosomes in C57 black mice [1.2]. Furthermore. in agouti 
mice, melanocytes produce black pigment, eumelanin, at the begin­
ning of hair growth and subsequently produce yellow pigment, 
pheomelanin, and then revert back to the production of eumelanin. 
Therefore. the hair is characterized by a subterminal yellow band, 
with the rest of the hair showing black or brown color, because 
melanin granules formed in the melanocytes are constantly trans­
ferred to keratinocytes. This characteristic is called agouti and 
known to be controlled by the A gene, wild-type allele at the a locus 
[1.3]. Sakurai et al [3] have extensively studied and reported that 
eumelanin-forming ellipsoid melanosomes and pheomelanin­
forming spheroid melanosomes are concurrently synthesized and 
coexist within a single agouti hair melanocyte during the transi­
tional phase from eumelanogenesis to pheomelanogenesis and vice 
versa. However. the details of the switching mechanism at the mac­
romolecular level in a single melanocyte still remain unclear both in 
mice and in humans. 
With regard to the switching-off process from pheomelanic to 
eumelanic melanogenesis and vice versa, little has been clarified 
about the early-stage formation of ellipsoid eumelanosomes and 
spheroid pheomelanosomes from the Golgi apparatus or smooth 
endoplasmic reticulum; that is, when eumelanogenesis is switched 
to pheomelanogenesis, are the melanosome-forming melanogenic 
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melanin, is detected in a significant amount in each spheroid 
melanosome, but is absent in ellipsoid melanosomes. Further­
more, the internal structure of the spheroid melanosomes is 
dissolved by treatment with 0.5 N NaOH solution, whereas 
the ellipsoid melanosomes are not affected. We proposed that 
in normal human melanocytes pheo- and eumelanogenesis 
occurs in spheroid and ellipsoid melanosomes, respectively.] 
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membranous components pre-determined to start synthesizing only 
one kind of melanosome? Or conversely, can individual spheroid 
melanosomes be transformed or altered into ellipsoid pre-melano­
somes or vice versa? 
In light of this inquiry, we have found a case of a new congenital 
pigmentary disorder. namely, "pheomelanic con�enital hypopig­
mented macule," occurring in a Japanese patient [4,5]. In the nor­
mal hair matrix melanocytes of the patient, ellipsoid melanosomes 
contain a very high eumelanin content, whereas in pheomelanic 
diseased blond hair matrix melanocytes, ellipsoid pre-melanosomes 
with markedly reduced melanin polymer are observed. Spheroid 
melanosomes. on one hand. contain the same amount of electron­
dense melanin. Chemical assay of eu- and pheomelanin of diseased 
hair reveals also a unilateral decrease of eumelanin in mixed melan­
ogenesis. 
We proposed to develop investigative techniques to determine 
individual ellipsoid or spheroid melanosomes, and to characterize 
the synthesis of each type of melanin in these two types of melano­
somes. In this article, we report the correlation between the struc­
tural and pheomelanic and eumelanic properties of melanosomes 
based on the three-dimensional electron microscopic analysis of 
melanosomes and on the sulfur contents determined using energy 
dispersive X-ray spectroscopy and alkali elution method. 
MATERIALS AND METHODS 
High-Voltage Transmission Electron Microscopy Anagen 
black hairs were plucked from the scalp of a Japanese patient and 
immersed immediately in 2% glutaraldehyde in 0.1 M/hosphate 
buffer for 1 h. The hairs were then washed, post-fixe with 1 % 
OsO 4. and embedded in Epon. Sections 500-nm thick were cut and 
double-stained with uranyl acetate and lead citrate. Specimens were 
examined at 400 kV under an electron microscope using a gonio­
meter. Individual melanosomes lying in a cluster were observed at 
plus 450 and minus 450 tilted angles for three-dimensional structure 
analysis. 
Energy-Dispersive X-Ray Spectroscopy skin specimens were 
taken from mice hereditarily eumelanin dominant (C57BL) and 
pheomelanin dominant (Ay) and processed for ultrathin sectioning 
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Figure 1. Electron micrograph of black hair bulb melanocytes (A). Numerous ellipsoid melanosomes (Ell. MS) and spheroid melanosomes (Sph. MS) are 
observed. High-voltage electron micrographs of a 500-nm thick section of a human black hair matrix melanocyte (B). Two upper spherical melanosomes 
(Ell. MS) show extension of the main axis at plus and minus 450 tilted angles (left. right). The lower melanosome (Sph. MS) does not show such a change. 
GTA-OsO •• bar = 0.5 Jlm. 
(60 nm) following the same procedure used for the plucked hair 
bulbs. Each of 20 spheroid and 20 ellipsoid melanosomes in hair 
matrix melanocytes of unstained sections was analyzed for sulfur 
using a lEOL 2000FX transmission electron microscope equipped 
with an X-ray detector. The microscope was adjusted to give a beam 
c 
o 
diameter of 10 nm on the sample of 200 k V acceleration. Ellipsoid 
and spheroid melanosomes in the melanocytes were analyzed ran­
domly for 100 seconds. To detect background noise, an area con­
taining no organelles in the melanocyte examined was scanned 
under similar conditions. 
Figure 2. Electron micrographs and x-ray spectrographs of unstained, thin-sectioned melanosomes from mice. The ellipsoid melanosome of C57BL mice 
shows no significant sulfur peak (A, C), whereas the spheroid melanosome of Ay mice shows a high sulfur peak (B, D). Asterisk, the analyzed melanosome. 
GTA-OsO •• bar = 1.0Jlm. 
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Alkali Elution Method Unstained serial thin sections of Ay and 
Cs7BL mouse hairs and human black hair were made. Each section 
was placed on the surface of 0.5 N NaOH solution for 30 or 60 min. 
Then, grids were washed well with distilled water and double­
stained with uranyl acetate and lead citrate. A grid of each specimen 
was not treated with the alkaline solution for observation of the 
initial fine structure. 
RESULTS 
Three-Dimensional Analysis of Melanosomes Numerous, 
fully melanized ellipsoid melanosomes and a moderate number of 
variously melanized spheroid melanosomes are seen in the thin 
section of human black hair matrix melanocytes (Fig 1A). It is 
difficult to distinguish the three-dimensional structure of the me­
lanosome by the usual electron microscopic examination of ul­
trathin sections. Therefore, we made sOO-nm thick sections and 
observed them by 400 kv electron microscopy using a goniometer. 
Figure 1B shows a combination of electron micrographs of a human 
hair matrix melanocyte. The upper two of the three spherical me­
lanosomes in the middle photo (0°) showed extension of the main 
axis when observed at plus 45° and minus 45°, whereas the lower 
melanosome did not show such a change in the main axis at any 
tilted angle. Thus there are two distinct shapes of melanosomes, ie, 
ellipsoid and spheroid, coexisting in the same human melanocyte. 
Energy-Dispersive X-Ray Spectroscopy of Melanosome 
The major precursor of eumelanin is dopaquinone, and that of 
B 
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pheomelanin is 5-S-cysteinyldopa. Sulfur is absent in eumelanin but 
present in pheomelanin in a relatively high amount [6]. The sulfur 
peak was detected closely adjacent to the osmium peak, although 
the peaks were distinguishable from each other. Spheroid melano­
somes in the yellow hair matrix melanocyte from Ay mice showed a 
high sulfur peak (Fig 2B and D). In marked contrast, all melano­
somes from Cs7BL mice were ellipsoidal, showed no significant 
sulfur peak (Fig 2A and C), and were similar to the cystoplasm 
background. In the black hair matrix melanocyte from the human 
scalp, spheroid melanosomes showed a clear sulfur peak (Fig 3A and 
C), whereas ellipsoid melanosomes did not (Fig 3A and B). 
Alkali Elution Method Solubility [7] is one of the differences in 
chemical properties between pheomelanin and eumelanin. Pheo­
melanin is soluble in alkaline solution and eumelanin is not. Using 
this characteristic, we established the alkali elution method. For 
validation of this method, ultrathin sections of hair matrix melano­
cytes of Ay and C57BL mice were treated with an alkaline solution. 
After 30 min or 1 h of treatment, the internal structure of spheroid 
melanosomes of Ay mice was well dissolved (Fig 4), but ellipsoid 
melanosomes of Cs7BL mice (Fig 5) were not. Based on these 
results, we examined human black hairs using this method. Pheo­
melanin of some spheroid melanosomes in the melanocyte was dis­
solved in the alkaline solution, as in the case of Ay mouse pheome­
lanic spheroid melanosomes, but the ellipsoid melanosomes were 






micrographs and x-ray spectrographs of thin-sectioned �elanosomes in a hair matrix melanocyte from a human scalp black hair. A lot of 
ellipSOid and spherOid melanosomes are seen In a melanocyte (A). The spherOid melanosome (c) shows a clear sulfur peak (C), but the ellipsoid melanosome (b) 
does not (B). GTA-Os04' bar = 1.0 jlm. 
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Figure 4. Electron micrographs of Ay mouse pheomelanic spheroid me­
lanosomes before (A) and after 0.5 N NaOH treatment. Pheomelanin in the 
melanosomes is dissolved gradually by 30 min (B) and 1 h (C) treatment. 
GTA-OsO., bar = 0.5 p.m. 
DISCUSSION 





concomitantly produce both eu- and pheomelarun [6], prevIous re­
ports have been unable to ascertain the existenc� o� two. 
types of 
melanosomes in which eu- and pheomelanogenesls primarily occur. 
During preparation of this report, we found a case of hurnan congen­
ital pigmentary disorder exhibiting unilateral suppression of eume­
lanin synthesis in mixed melanogenesis [4]. Despite being geneti­
cally Japanese, this male infant was born with bl.
on� hair in .a well-defined localized area on top of the scalp. InvestigatIons of thIS 
case led us to disclose the marked decrease of eumelanin polymer 
formation within ellipsoid melanosomes, whereas the spheroid me­
lanosomes appear to retain pheomelanin forming ability. 
In this study, the difference in the three-dimensional ultrastruc­
ture between the two types of melanosomes, ellipsoid and spheroid, 
has been determined by high-voltage transmission electron micros­
copy using a goniometer. Furthermore, spheroid melanosome� 
were found to contain a significant amount of both sulfur and alkalI 
elutable melanin, whereas ellipso�d mel�noso�es c�>nt:'-ined neith�r 
sulfur nor alkali elutable melarun. ThIS finding mdlcates that m 
normal human melanocytes, pheo- and eumelanogenesis occur in 
spheroid and ellipsoid melanosomes, respectively. Our previous 
study of melanogenesis in subcellular melanogenic compartments 
Figure s. Electron micrographs of C57BL mouse eumelanic ellipsoid me­
lanosomes treated under the same conditions as in Fig 4. There are no 
changes in the ultrastructure. A, B, and C show the figures before treatment, 
after a 30-min treatment, and after a 1-h treatment, respectively. GTA-
050., bar = 0.5 p.m. 
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Figure 6. Electron micrographs of melanosomes in a hair matrix melano­
cyte from a human scalp black hair treated under the same conditions as in 
Fig 4. Ellipsoid melanosomes show no change in their density, but two 
spheroid melanosomes (1) are dissolved by a 1-h treatment wit? alkali solu­
tion (C). A and B, the figures before treatment and after a 30-rom treatment, 
respectively. GTA-OsO., bar = 0.5 p.m. 
revealed that the role of coated vesicles should be to transfer not 
only tyrosinase and y-glutamyl transpeptidase but also eumelanin 
monomers into pre-melanosomes [8,9]. Considering the different 
functions of ellipsoid eumelanic melanosomes and spheroid pheo­
melanic melanosomes and the role of the coated vesicles, new ques­
tions have arisen whether two types of coated vesicles exist in the 
same melanocyte and whether two types of coated vesicles are re­
sponsible for the transportation of enzymes and precursor mono­
mers for eu- and pheomelanogenesis separately. At present, how­
ever, there is no investigative technique for the characterization of 
individual coated vesicles, and the development of such a technique 
is highly desirable. 
On the basis of the present findings, we have been able to delin­
eate essential defects in two subsequent cases exhibiting similar uni­
lateral suppression of eu- or pheomelanogenesis [5]. Similarly, fu­
ture studies will further characterize various pigmentary disorders 
in light of dual melanosome formation within individual melano­
cytes. 
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